Rheological Modelling of the Effects of Sucrose Adulterant on Nigerian Honey  by Anidiobu, V.O.
Nigerian Food Journal 
 
Official Journal of Nigerian Institute of Food Science and Technology www.nifst.org 
 
NIFOJ Vol. 32 No. 2, pages 103 – 112, 2014 
 
 
Rheological Modelling of the Effects of Sucrose Adulterant on Nigerian 
 
Honey 
 
* Anidiobu, V.O.
1 
 
 
ABSTRACT  
Rheology has been applied as sensitive tool for material characterisation since flow behaviour correlates closely 
with composition, molecular weight and molecular weight distribution. Pure honey was serially diluted with 
different percentages of sucrose: 10%, 50%, 70% and 90% and each were analysed rheologically at two different 
temperatures. Pure honey exhibits thixotropic time dependent rheological behaviour, while the behaviour of 
sucrose tends towards Newtonian. The addition of adulterant to honey drags the viscosity of the resulting fluid 
towards Newtonian. The rheological curve fitting was done using the Power Law and Carreau-Yasuda models. 
The results show that the Carreau-Yasuda model fitted better the rheology of pure honey samples. Conversely, 
the rheology of sucrose solution was predicted better with Power Law model. 
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Introduction  
Honey is a natural product from the nectar-sucking 
bees (Apis Mellifera). All fluids, including honey, flow 
when subjected to stress. The dynamics of the 
fluids responds to the input stress is studied in 
rheology. Through rheology, insight on how flow 
behaviour correlates with properties such as 
composition, molecular weight and molecular 
weight distribution is understood (Bakier, 2007). 
 
A good understanding of rheology is essential for 
understanding many processes in food engineering, 
chemical engineering and other areas of research. 
All materials are made up of molecules, and the 
same molecular motions and interactions are 
responsible for rheology (Bird et al., 2002). 
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There are different varieties of honey bees 
and all produce honey which properties may 
vary depending on the nectar source and climatic 
conditions, but since all honeys are produced by 
bees there must be something that may be common 
for all honeys made by bees and that is the 
essence of this rheological study (Anidiobu, 
2009). This study seeks to establish 
rheological baseline behaviour for honey. 
 
The rheological characterisation of polymers and 
polymers in dilute solutions are well established 
to characterize honey since honey contains some 
oligomers. It has been reported that honey contains 
as high as 11% melzitose which is an oligomer 
(Sopade et al., 2004; Rao and Steffe, 1992; Rao, 
1977 and 2005). This 11% percent 
concentration of melzitose in honey is very high, as 
polymers as low as 2% concentration in solution 
exhibits non-Newtonian behaviours (De Laney 
and Reilly, 2000 and Sunthar, 2008). 
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Some authors have previously tried in the past 
to rheologically characterize honey using the 
rheological properties. Bera et al., (2008) studied 
some physicochemical and rheological properties of 
irradiated honey. James et al. (2009) worked on 
physical characterisation of some honey samples 
from North-Central Nigeria. Also DaCosta and 
Pereira (2012) undertook the rheological 
analysis of honey and propolis mixtures. 
 
The objective of this work is to characterize, 
rheologically, pure honey, adulterated honey and 
imitation honey at different temperatures to 
obtain the baseline behaviour. 
 
Theoretical background 
 
Power Law Model (Turian and Bird, 1963): 
 
(1)  
Where, is the consistency coefficient or 
dynamic viscosity (cp or mPa.s) 
 
 is the shear stress of the fluids (D/cm
2
 or 
N/m
2
) n is the power law index (Dimensionless) 
 
Put  which is equation (2) into equation 
(1) with  in the equation (1) changing to o 
 
 
Making  the subject, 
 
 (3)  
Taking the natural logarithm of equation (3) 
 
ln  = ln o + (n - 1) ln (4) 
A plot of ln   against ln will give a straight line  
graph with slope and intercept (n – 1) and ln 
o respectively. 
 
The intrinsic viscosity or zero shear viscosity o has 
a direct relationship with the molecular weight of 
the fluid in Mark-Houwink equation (Rao, 1997): 
 
 
 
o =K’Ma (5)  
Where M is the molecular weight of the fluid. 
 
K’ and a are Mark-Houwink constants for a given 
temperature for a given polymer-solvent system. 
 
a is generally in the range of 0.5 to 0.8 
(Launay et al., 1986). 
 
Putting equation (5) into equation (3): 
 
  (6) 
ln  = ln ( ) + (n-1) ln (7) 
 
The implication of Equation (7) is that from a log -
log plot of viscosity and shear rate, the intercept of 
the graph on the vertical axis will contain some 
information on the molecular weight of honey. 
 
Carreau-Yasuda Model (Yasuda, 1979): 
 
(8) 
 
This empirical model has five adjustable parameters,  
α, λ, n, o and ∞.  
This model describes non-Newtonian time 
dependent flow viscosities at zero (ηo) and infinite 
(η∞) shear rates, and with no yield stress. The 
parameter λ is the viscous relaxation time that 
defines the location of the transition from shear-
thickening to shear-thinning behaviour, where 1/ λ 
is the critical shear rate at which viscosity begins to 
decrease. The power-law slope is (n – 1). The 
value of n changes with the composition of the 
fluid. The parameter “α” is dimensionless parameter  
(sometimes called “the Yasuda constant” since it 
is a parameter added to Carreau equation by 
Yasuda, (1979)) which describes the transition 
region between ηo and the power-law region and 
it is inversely related to the breath of the zone. 
 
The model fitting was carried out with the 
method of Morrison (1999). She used the 
“Solver” Add-on in Microsoft Excel. 
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Materials and Methods  
Sample collection and preparation  
Pure honey samples A1 and A2 were harvested 
from the bee farm while Sample A3 is Natural 
honey produced by Forever Living Product, Texas 
USA. Sample A1 was collected from a bee farm 
very far away from human activities at Afao 15 km 
from Ado-Ekiti, Ekiti State. Sample A2 was 
harvested from Apiculture unit, Entrepreneurship 
Development Center, Federal Polytechnic Ado-
Ekiti. Sample E1 (100% Imitation) was produced by 
heating 2.5 kg of table sugar to melt, giving a 
brown colour liquid, and distilled water was added 
until the average viscosity is close to that of 
Sample A1. Also honey flavour was added and it 
tastes and smell like honey. Samples E2, E3, E4 
and E5 are 10%, 50%, 70% and 90% adulteration 
with sample E1 respectively. The different dilutions 
above were arrived from trial and error after many 
experimental runs. 
 
Rheological characterization of honey  
The rheology of the samples was carried out using 
Brookfield RV DV-III Ultra Programmable 
Rheometer. The analysis was carried out at room 
temperature of 27
o
C and then at 35
o
C. The DV III 
Program mode was used. The speeds 0.0 to 1.0 at 
incremental steps of 0.1 and at 2.0 revolutions per 
minute were chosen and it was done in the 
reversed order without allowing a step time. The 
results of the analysis were exported to Microsoft 
Excel and Power Law and Carreau-Yasuda models 
were used to model the rheological results (Nwalor 
et al., 2014). 
 
Results and Discussion  
The rheological signatures for pure honey samples 
A1, A2 and A3 at 27
o
C are shown in Fig. 1. All the 
samples followed a similar pattern of flow. The 
samples first exhibited shear thickening behaviour 
at low shear rate and then predominantly shear 
thinning behaviour as shear progresses.  
Triantafillopoulos (1988) while interpreting the 
rheograms of polymers in solutions suggests that 
 
at rest, or under low shear rate, particles of the fluid fit 
into voids of adjacent layers of flow. As flow 
progresses, the particles begin to slide over the 
adjacent layers since they can no longer fall into the 
voids. Under this circumstance, resistance to flow 
increases in a manner that causes the fluid to behave 
in a solid-like manner thereby inducing the shear 
thickening behaviour, isothermally and reversibly at the 
beginning of the rheological signatures. Kurzberck et al. 
(1999) suggested that the presence of chain branches 
gave rise to strain hardening which they said was a 
necessary property for stability of polymers undergoing 
deformation. 
 
Likewise, suspension and colloidal structures 
resist deformation and sometimes flow does not 
even occur until reversible destruction of internal 
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Fig. 1: Pure honey samples A1, A2 and A3 at 27
0
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Fig. 2: The effect of adulteration on the rheology 
of honey at 27
0
C 
 
network is completed (Franck, 2004). At shear rate 
of 0.245 s
-1
 a peak is observed after which shear 
the thinning behaviour commences in Fig. 4. Also, 
Franck (2004) suggests that viscosity peak is 
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pronounced if the polymeric material at rest behaves in 
a viscoelastic manner and the viscosity build-up 
competes with viscosity decrease due to structural 
breakdown. At higher shear rate, Triantafillopoulos 
(1988) explained the shear thinning bahaviour to 
be as a result of isothermal and reversible distortion of 
the molecules in the fluid. 
 
The clusters and aggregates of particles originally 
present in colloids or suspensions are reversibly 
distorted by shear. Venugopal and Abhilash (2010) 
studied the hydration kinetics and rheological 
behaviour of guar gum which is a polymer. They 
inferred that decrease in viscosity with increase in 
shear rate is caused by induced change in the 
 
network entanglement of the fluid. This kind 
of flow behaviour was also reported by Fan et  
al. (2009) who worked on numerical simulation of 
pulsatile non-Newtonian flow in the Carotid artery 
bifurcation. They suggest that at low shear rate, 
blood exhibits shear thinning behaviour but as 
shear rate increases, the non-Newtonian behaviour 
gradually diminishes. Likewise, some other authors 
reported cases of viscosity decrease with increase in 
shear rate. Ntia (2000), Adekunle (2002), Sopade et 
al., (2004), Olanrewaju (2004) and Anidiobu (2008) 
all reported cases of shear thinning rheological 
behaviour of honey. However, this is in conflict with 
the reports of DaCosta and Pereira (2012). Their 
results showed that viscosity of honey does not 
change as shear rate increases because their 
experimental procedure allowed a step time 
(relaxation time in-between preset shear rates) 
which we took care of in this work. 
 
The rheological analyses were repeated after 24 h 
and the results obtained were similar to the original 
results, it means that the results are repeatable. Fig. 
 
2 shows the effects of adulteration on the rheology 
of honey at 27
o
C. It can be inferred from the plot 
that addition of different percentages of imitation to 
pure sample A1 lead to decrease in the viscosity of the 
resulting samples up to sample E5. This simply 
suggests that rheology is dependent on composition 
(Bakier, 2007 and Bera et al., 2008). The rheogram 
suggests that the viscosity of sample 
 
E1 changes minimally with increase in shear 
rate. This suggests that the rheology of sucrose 
tends towards Newtonian. Fig. 3 is the effect of 
temperature on the rheology of pure honey at  
35
o
C. It could be observed that viscosity of honey 
decreases with increase in temperature. Also the 
samples showed a decrease in viscosity with increase 
in shear rate but the curve became linear suggesting that 
the molecules of material was further driven far apart 
as a result of the increase in temperature 
 
(Bakier, 2007 and James et al., 2009). Nigerian honey 
samples at shear rate of 1.22 s
-1
 and viscosity of 589 
(cp) the samples reached a breaking point at which 
the viscosity tends towards Newtonian. Consequently 
low shear rate was used for these analyses so as to 
capture the properties of samples. 
 
It is worthy to note that the results obtained for 
the Forever honey was slightly different as it 
followed the normal room temperature pattern 
even though the curve now seems liner. 
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Fig. 3: The effect of temperature on the rheology 
of pure honey samples A1 and A2 at 35
o
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Fig. 4: The effect of temperature on the 
rheology of honey at 35
o
C 
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This change observed may be attributed to age 
difference of the three honeys. At 35
o
C (Fig. 4), the 
signatures became a little more difficult to interpret 
and that was why rheological models was employed 
to fit the curves for better characterisation and 
interpretation. Fig. 5 – 18 are curve fitting using Power 
Law and Carreau-Yasuda models. The values of 
power Law index n, and zero shear viscosity o are 
very important rheological parameters. They have 
direct correlation with the structural and molecular 
orientation of the sample, which were mainly utilized as 
the distinguishing factors for the samples in the 
analyses (DeLaney and Reilly, 2000). The power law 
index correlates closely with composition while the 
zero shear viscosity is expected to correlates closely 
to the molecular weight of honey in Mark-Houwink 
relation. Likewise, Fig. 5 and 6 showed that Carreau-
Yasuda model fitted better the rheology of sample A1. 
The sum of the errors was found to be 0.000765 for 
Carreau-Yasuda model against 0.368273 for Power 
Law model. The smaller the sum of errors, the better 
the rheological prediction of samples (Morrison, 
1999). The Carreau-Yasuda model describes the non-
Newtonian time dependent with zero shear 
 
viscosity ( o) and infinite shear viscosity (η∞), and 
with no yield stress. The parameter λ is the viscous 
relaxation time that defines the location of the 
transition from shear-thickening to shear-thinning 
behaviour, where 1/λ is the critical shear rate at which 
viscosity begins to decrease. The power-law slope 
is (n – 1). The value of n changes with the 
composition of the fluid (Scanlan and Winter, 
1990). Venugopal and Abhilash, (2010) suggests 
that “n” in Carreau-Yasuda model decreases with 
increase in concentration of guar gum in solution. The 
parameter α is a dimensionless parameter  
(sometimes called “the Yasuda constant”, since it is a 
parameter added to Carreau equation by Yasuda), 
which describes the transition region between zero 
shear viscosity ( o) and the power-law region and it is 
inversely related to the breath of the zone. The 
summary of rheological modelling results using the 
 
Power Law model is in Table 1. It can be 
observed that the value of n increases with 
adulteration with sucrose melt both at 27ºC and 
35ºC. This indicates that honey was shear 
thinning and adulteration drags its viscosity 
towards Newtonian. Likewise the summary of 
rheological modelling using Carreau-Yasuda 
model at 27ºC and 35ºC are in Tables 2 and 3. 
 
 
Table 1: Summary of rheological modelling results using Power Law 
 
Samples Error at 27
0
C n at 27
0
C o at 27
0
C Error at 35
0
C n at 35
0
C o at 35
0
C 
       
A1 0.274629 0.29055 1656.961 0.136154 0.595531 785.6655 
A2 0.368273 0.270589 1692.172 0.125133 0.581445 767.8507 
A3 0.348510 0.233849 970.8626 0.955351 0.803521 718.6810 
E1 2.577849 1.30000 1051.458 0.106303 1.305590 1054.172 
E2 0.242180 0.311424 1628.997 0.315728 0.754233 560.3153 
E3 0.713461 0.565716 1503.359 0.527965 0.950312 1074.496 
E4 0.585666 0.82253 1216.195 0.131406 1.018700 861.4286 
E5 1.666172 1.121037 964.6508 0.185656 1.329496 1057.911 
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Table 2: Summary of rheological prediction of samples at 27
o
C using Carreau-Yasuda Model 
 
Samples n at 27
o
C λ(s) o  at 27
o
C ∞ at 27
o
C a at 27
o
C (Error) 
A1 -0.00128 3.62144 5788.199 0 144.8801 0.316732 
A2 -0.05722 3.330984 5943.955 67.25633 74.60355 0.000765 
A3 -0.00128 3.71965 3730.928 0.000629 144.8801 0.001101 
E1 1.070826 18756.97 507.2772 0 13.80258 1.809091 
E2 0.127227 3.909176 5400.14 0 114.0729 0.016016 
E3 0.250000 1.994675 2818.868 0 217.7118 0.084177 
E4 0.500125 1.187191 1542.547 0 422.1818 0.132526 
E5 1.002177 308.3167 219.1088 61024.1 55.87834 1.616931 
       
 
 
Table 3: Summary of rheological prediction of samples at 35
o
C using Carreau-Yasuda Model 
 
Samples n at 35
o
C λ(s) o at 35
0
C ∞at 35
0
C a at 35
0
C (Error) 
A1 0.687115 3.62144 13179.82 -1419.33 0.136824 0.093775 
A2 0.680009 4.854260 15569.99 -1423.13 0.125074 0.099591 
A3 -0.03747 0.992254 994.2794 23.33649 130.4697 0.141585 
E1 1.700013 0.005568 845.0840 690.6085 5.744297 0.668851 
E2 0.705500 18.00000 1085.367 397.2270 10.0000 0.695125 
E3 0.90012 0.498136 1214.830 -1935.16 34.47842 0.559954 
E4 1.001152 26.29536 804.8220 -14425.2 49.44891 0.131053 
E5 1.656452 0.000149 833.7286 1291.09 1.869398 0.774921 
       
 
Fig. 19 through 22 are the hysteresis loops of pure 
honey A1, imitation and different percentages of 
adulteration at different temperatures. Thixotropic 
loop were observed in samples A1, while no loop 
was observed in sample E1 which is our imitation. 
 
Triantafillopoulos (1988) suggested that the lager 
the area in the loop the more time dependent the flow 
becomes and vice versa. Following the submission 
of Triantafillopoulos (1988), pure honey thus 
exhibits shear thinning flow behaviour, while 
sucrose retains its near Newtonian behaviour. 
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Fig. 5: Power Law curve fitting of pure 
honey A1 at 27
0
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Fig. 6: Carreau-Yasuda curve fitting of pure honey  
A1 at 27
0
C 
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Fig. 7: Power Law curve fitting of sample A3 at 
Fig. 11: Power Law curve fitting of sample E3 at 
27
0
C  
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Fig. 8: Carreau-Yasuda curve fitting of 
pure honey A2 at 27
o
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Fig. 12: Carreau-Yasuda curve fitting of 
sample E3 at 27
o
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Fig. 9: Power Law curve fitting of sample E2 at 
Fig. 13: Power Law curve fitting of sample E4 at 
27
0
C 27
0
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Fig. 10: Carreau-Yasuda curve fitting of 
sample E2 at 27
0
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Fig. 14: Carreau-Yasuda curve fitting of sample  
E4 at 27
0
C 
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Fig. 15: Power Law curve fitting of sample E1 at  
27
0
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Fig. 19: The effect of time dependency on the 
rheology of pure honey A1 
(Hysteresis Loop Curve) at 27
0
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Fig. 16: Carreau-Yasuda curve fitting of sample  
E1 at 27
0
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Fig. 17: Power Law curve fitting of pure 
honey A1 at 35
0
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Fig. 18: Carreau-Yasuda curve fitting of 
pure honey A1 at 35
0
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Fig. 20: The effect of time dependency on the 
rheology of pure honey A1 
(Hysteresis Loop Curve) at 35
0
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Fig. 21: The effect of time dependency on the 
rheology of sucrose E1 (Hysteresis Loop 
Curve) at 27
0
C  
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Fig. 22: The effect of time dependency on the 
rheology of sucrose E1 (Hysteresis Loop 
Curve) at 35
0
C 
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Conclusion  
Rheology is a sensitive tool for honey characterization 
since flow behaviour correlates closely with 
compositional changes in honey. The viscosity of 
honey decreases as shear rate increases. Pure 
honey exhibits thixotropic time dependent flow 
pattern, while sucrose solution exhibited near 
Newtonian flow behaviour at low shear rate. The 
increase in sucrose content in honey makes its 
viscosity tend towards Newtonian. The rheology of 
honey is a function of temperature as viscosity 
decreased and flow became linear at high 
temperature up to a point when the rheology tends 
towards Newtonian. Two rheological models, 
Power Law and Carreau-Yasuda models were 
employed to fit the rheology of honey samples. The 
Carreau-Yasuda model fitted better the rheology of 
honey samples. 
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